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ABSTRACT 



A new thilory of .sign structure is {)ropo8ed which explains the syntaetiia, 
semantic, and pragmatic classifioatlon of signs due to C,. Peirce. The 
th^eory comprisea, in part, a language capable of relating s^udi^s of informa- 
tion prdcesses ac*oss a range of disciplines, including Coii|Lunication science 
psychology; comjiuter "science, and linguistics. The pow^r ^nd utility of the 
theory and the- language are illustrated by explicating empirically such, 
syntactit and semantic processes as perceptioli, syntactic comntiinicatijDn, and 
memory CO ding • The report indicates the relevance of the theory to selected 
applied problem^ of information engineering. The development and activities 
of the SemLab, a s,emibtlc research laboratory dedicated to empirical investi- 
gations of information phenomena, are described. The effort reported is par^ 
oY a basic research program in information science performed at the| School 
of .-Information and Computer Science, Georgia Institute o( Technology. This 
final report on National Scienae Foundation Grant GN-40952 covers work 
performed between January 1974 and December 1976. 
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' I. INTRODUCTION 

The^research^ reported here is the beginning o'f a long-term program 
of fmidamental investigations ih quantitative semiotlca, a *ileld which we 
believe lies at the foundation of infomation science qua science [51]. 
The program has the following major goals: ^ 

• 1, Development of a theory of t\ie structiire of si^s, sign systems, 
.and sign processes. ' / ' v ■ , ' 

^ 2. Investigations of the i||easurabl)e properties of all sign components 

3. Investigations of the basic regularities existing betw^en^ifhe. 
^ .me^sur^le' properties, of all sign components, , 

' \ ; ^- - , . . 

4. Development of theories which explain these regularities. 

■ V " . ■ ' . ■ '-. ■ 

5. Study of the relationship between various information and semlot^i< 
^processes, such as perception, memory ,• recall, conception, 

cora^ffilcation, classification^ recognitioHf decision,' and others. 

Q ^ The princftlpal motivation and goal of this research program is the 
study and iel^ucldation of information processes. Within the framework of tl 
program, the^ eKort described in thld report has had as Its^objectlve the 
further developipent of the crutflal concept of sign structure. We have 
focused On an investigation of signs because in oijr experience all fun da- 
mental 'questionscpertainlng ,to information processes invariably boil down 
the probleml of understanding the nature and the structure of signs. 
The report summarizes the results of research and related activities 
carried out during the period of January 1974 through December 1976. It 
is organized into three narrative sections. Chapter II proposes a Aiew 
theory of sign structure. The t hep ry\ derived from a general model of 
^sNLgn structure*, ejcplicates the relationship between the. structure of signs 
• and their classification. .Chapter III exemplifies the litility of the 
theory and tke model of sign structure, for interpreting a range of basic 
infoniaation processes, and It broaches the^^^stion of the utility of this 
research for technological problems. Chapter IV describes eclectically 
the facilities and activities of the Semiotics Laboratory of the School 



of Information and Computeir Science (SemLab). The SemLab is a substantial' 
*as well as unique resource suppoi^ting education and research in thife area, 

.1 . ♦ . ' * * * . ^ — ^ 

•« . ■ . • ■ 

It is perhaps appropriate that we explain, at the outset of this 
'report, the relationship of this work, to the field called information 
science. . " , 

^ In its currently popular trend, information science shows an almost 
complete pt'eoccupation with technological problems, and products. The . 
fact that its 'applied 'research has been ^able to attain many of the 
more Impor^^nt object|.ves enthusiastically predicted for it twenty years * 
ago is attributed today largely to the absence in the , information field 
of a core of basic, or-scientif ic, results — auch as were available, for 

instance, from physics for aeronautical engineering. This notwithstanding, 

*■ • . " 

a corollary of the technological preoccupation of present-day infprmation 
science is a deep Impatience with all efforts which do not^immedfiStely 
affect information tecl^nology. _ 
It ma> behoove us Jat this point to consider a historical analogy. 
Today we credit physics with a major contribution to many of the triumphs 

. of modern technology, such as the uses of Vtoinic energy, or space 
travel and communications^ Yet^the basic scientific discoveries which 
underlie these technological- ^complishments occurred largely during the 
16th through the 18th. centuries : the language revolution (Copernicus^ / 
the empirical revolution (Galileo), and the theory revolution (Newton)^ • 
These efforts built the foundation for physics, as a science, and they 
provided for its subsequent development culminating in the ^ngineei;ing 
accomplishments of our time, . ' . 

If *the deader will tolerate this analogy, then in its terms the 
current level of development of the scieace of information is somewhere 

"^at the level of physics of the 18th century. We view our own work as 
belonging to that level of development: the theory of sign structure 
proposed in Chapter II constitutes, in part, anew language devised for 
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Studying information phenomena; and th^ work described in Chapter IIP 
illustrates a^d demonstrates the utility 'of this language for expl^ietfting , 
empirically, a number of these phenomena^ Our' research thu3^spires to ' 
be an early contribution toward the establishment of a science of 
information. ^ 

The study of signs and sign processes is, of course, not proprietary 
to any one field of institutionalized science, indeed,- our own research 
is related to ongoing ^ork in an array of such fields: computer science, 
commu^cation science, psychology, and linguistics. As the common ^ 
denominator of these efforts is the study of information processes, the 
notion of an "information science'' as the envelope for these studi^^is 
appropriate. Whether or not such a baste science viH becoqie ins ti.tution- 
.alized depends very much on the existence of one or more paradigms 
relating and unifying its efforts. We would like to believe that our 
work, incipient as it is," demonstrates such a portent. For this reason 
we view our research firmly as .lying in information science. 



9 



3 



-3-. 



II. A THEORY OF -SIGN STRUCTURE ... . • 

Tral&itionally , majbr advances in, systematic science have been made by 
quantification and measurement. In information science, the ^ed for better 
understanding of the concepts of information measures and measurement "^s 
well recognised. Our approach to the stxidy oJ[ information measures*' and 
measurement is from the viewpdint of semiotics, the study of Bigim and .sign 
processes. The role that signs play in information pxoc esses (that is, in 
semiotic interactions) is determined by the properties of the sign; in 
t<im, sign properties are determined by the Hind of sign a|i4 its structure. 
From this vie^oint, we regard an information measure as any Qbservable 
property of the sign structure; and^ the measurement- rff information as the 
development of a measurement system. for carrying out the observation of that 
property.^ ' ^- 

Our purpose in developing d theory of sign structure is to have a tool 
for explicating the nature of information measurement and its relationship 
^to^^^emlotic processes, and for classifying information measures according to 
their semiotic dimensionality and interrelationships. A theory of 9±gn 
structure useful for these purposes has evolved, gradually over the past ^ 

three years. It, is called the Universal Sign Structure Model.' 

I 

/ ■ 

j 

A. Peirce^s Taxonomy of Signs 

Throughout our investigations we have had occas^ion to use severaf differ 
ent taxonomies, or classification schemes, fdr, signs. Of these oi\ly the 
classification by Charles Peirce [45] has proved to be satisfactory in every 
empirical setting for which a classification was waited. We therefore ascrib 
the Peircean schm^ an empirical reality, and wotJld like our theory of sign, 
structure to explain the applicability and usefulness of the Peircean scheme 
in terms of the structure of the sign. 

Peirce defines thfe sign as a thtee-place relation: 

A^^sign, or vepvokentamen^ is something which stands to' somebody 
for something in sdme respect or capacity [45, 2.228]. 

In consequence of every representamen being thus connected with 
three things, . . . the' science, of semiotics has three branches 
[45, 2.229]. ^ < ► 

. ^ ..0 
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. Peirce ^called these three branches "puK grammar"* ^' logic proper'^, and 

'^ptire rhetoric",: Subsequently, Charles Morris^.celled theSe the three* 

' dimansfonsj of semiotics and gave them their, accepted names r^^^^yntac tics, • 

BAn^ntics, and pragmatics, * 

Pelrce's taxononiy has three classification schemies, leading' tp nine 

categocies of signs, Definitions, 1-3 pertain to a Syntactic classification 

d^inljrion? 4-6. to a semantic classification; and definitions 7-9 to a prag 

matic Tclasslf i^tlfen of signs , - , v 

Definition* 1 ; A sign wh:^ch exists as an abstract quality bath J.n- 
• i'tself and in its relation to other signs is called a ' TdNE ' * . 

Pefinitjon 2 ; A s'ign which exists as a' general kind, both in- itself . 
^ and distinguishable from other srign§ is called a *TYPE' • 

» Dgf inition'^ ; ^ A' si-gn which, exists as an actual, single, phy^cally 
, ' existing individual 4s called a ; tOKEN> '% ' . t ^ 

. Definition 4 : A sign which is related to its object by an.actMal, 
single, existential, cause and effect relation is called an 
. 'IgDEX' . ^ " ' ' * - 

' ' ^ . ■ .' ' ' * 

Definition 5 : A sign which is relalred to its.obj*ect by a concrete 

similarity between the shape of th^ sign and its object is called 
an ' ICON ' . . " ^ 

Definition 6 ;. A*^i*gn vhicl\ is related to its^ object by an arbitrary 
, ^ convention, agreement, or general*law, is ^called a ' SYMBOL ' > 

Definition 7 ; ^A sign whose interpretant rept^sents it as a sign of 
possible reference to its interpreter is called a ' RHEME ' , 

• ^ Definition 8 : "A sign whose interpretant represents^s it as a sign of 

fact or. actual reference to its Interpreter Is called a ' PHEME ' , 

Definition 9 : A sign whose interpretant represents it as a sign of 
reason to its interpreter is called a 'DOLEME***. 

Because of the rather opa?fue nature of Several of these definitions It 

may be well to give some examples. An ekample of a tone In. linguistics 

^ould be a nonterminal node of a phrase structure diagram, a context cate- 

gory, or .a set of allowable (including obligatory) trai)sf ormations* on a 

s'ign (word, sentence, or discourse). An example of a tone in logic would 

be a functional combinator. I.e. a categorical analysis of assign. * An 



*It mqc^t be r^membjired that Peirce employed a great number df different 
and differing nomenclatures. The one adopted here was us'e'd in [29].. 
**Peirce's actual term was 'deloam' from the Greek 6eX(ijy.* 



example ofw>a type In linguistics would be a t^ermlnal node of a phrase structure 

diagram or a lexical Item Xword, sentence, or discourse) at the morphological 

level* before the phonetic transformations have been applied, ^ An example of 

a type In logic would be a well formed expression (term, formula, prgument) . 

An example of a t^T|J in statistical linguistics would be a general \sign €>'f 

which a^ partlculfiTr occurrence token Is a specific Instance, Classical 

linguistics and classical logic do not' concern themselves with the.yStudy of 

tokens. An example of a token In stAtlstlcal^llngulstlcs would be the 

single, particular* occurrence of some sign that, actually occurs at a specl^^lc^ 

polnt'ln th^ computer scan of a marine readable text, Aii example of a token 

In psyQhplltigulstlcs Is one^ actual stimulus that 1^ exposed In a teescope. 

An example of an Index In cognitive psychology Is Bruner's ' enact Ive 

response' . An example from ordinary life would be a pillar of smoke in a 

dry forest taken .by a ganger as a sign for fire, or a knock on a closed 

door taken by som4one, on the inside, as a sign that someone or . something was 

present on the outside. An exampXe'of an icon from cognitive psychology 

is Bruner's I'ikon'. An example from ordinary life is a paint chip that 

dexiotes paint In a can, of the same color as the chip, or a*^ rhythmically 

repeated note in a melody that holds the musicv together by the similarities 

that it establishes. An example of a symbol from cognitive psychology is 

* . • .\ » 

Bruner's 'symbol*^. Natural larlguage signa^re all^ symbolic," including tho^e 

called 'indexical' and those called 'onomatbpoeticJ . - ^ 

V .An example of a rheme in logic .would be a term; an example of a rheme 

ftom natural language would be a word or a phrase. 'An ex^mp^e'of a pheme 

from logic is a statement; from nature language a clause o^ sentence. An 

example of a doleme from logic is an argument ;\ from natural language a para- 
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graph or a complete communication. 

» * • "* . * 

B. A Universal Sign Structure Model 

, , The proposed theory of sigiv.structute is embodied %^ the Universal Sign 

Structure Model shown in Figure i. In drder to shoy how this model explains 

■fc ■ , • ^ ■ * 

^he Pelrcekn taxonomy, we first state ^the fqll6wing' three principles of the 

theory. ^ / . * 

••• -12 ..- • (■ 



The Representation Principle ; A sign must consist of a trlnary relation, 
^and it mus't represent, A sign, therefore, consists of three parts: A syntac- 
tic structure, a semantic structure, and,a pragmatic structiire, 

the Principle of Internal/External Balance : Tbe internal and the 
external structure ,of a sign must be balanced, consisting of exactly one 
internal component for each external component and vice versa- The ^internal 
components are called components of meaning, ^ 

The Principle of Additional Structure : Whenever a sign has more than 
the minimum structure, the additional structure is built up from the center 
out (as per Figure 1), and for feach dimension ijftdepenHenflLy . 

Example . From Figure 1 we isolate the inlnimum s true tuif^ai (Figute 2) 
which we shall later find is the structure of the indexical thematic tone ► 
If we want to add to it on,6 layer of semantic structure, we derivie 
(according to the Principle of Additional Structure) the structure of the 
iconic rhematic tone ure 3) . ^ 

Using, the uni^^ersal sign structure diagram of Figure 1 and these three 
principles wfe can now explain thfe Peircean Taxonomy of signs by means of nine 
representation theorems, ('Representation' is used here in its mathentatical 
rather than its semiotid sense.) Certain r/iles of interpretation or • 
translation between the theoretical vocabulary and the observational (or 
less theoretical) vocabulary will become apparent as wo proceed with the 
proofs of these theorems. The rules of interpretation are obvious, and 
they form an integral part of the theory.' The nine representation theorems 
and their proofs are as follows. 

Theorem 1 : A sign is a tone iff it has exactly one level of syntactic 
structure. It therefore has one component of syntactic meaning (tagmension) 
and one external syntactic component (the semiotic context). 

Proof: By the Representation Principle and the Principle of Additional 
Structure any sign must have at least one level of syntactic structure and 
this must be the innermost, or tagmatic, level. According to the Universal 
Sign Structure Mod6l (Figure 1), the outermost syntactic level consists of 
• the embodiment of a sign in a physical medium. But if a sign had an 
embodiment ITt a physical medium It would exist as an actual, single, 
physically existing individual and could not exist merely as an abstract 
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Fig. 3. A Sign With the Minimum Additional 
Semantic Structure 
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quality. It would 'be a token, tiot a tone; therefore a jtone cannot have an 
ontotic level of syntactic structure, -Also from Figure 1, the second (or 
middle) Syntactic level consists of the distinguishability of a sign. by a 
shape. But, if a sign had a. distinctive, distinguishable shdpe, it would 
exist as a concrete *^neral , swerving as an archtype for all tokens Af the 
same typ<^ and could not exist e^fc. It would ke a type, -not ' a tone.- There-^j^» 
fore, a £one canpot have an eidontic level of syhtactlo-^structure, 

Thus a tone 'has exactly one lev&l of syntactic structure, wKicb^is 
the t^gmatlc structure.- By the Principle of Internal/fexteriial Balance,' 
this structure will consist of both an intenial ccjfmpcTnent ahd an external 
: component. From Figure 1 we see. t^Bt the, internal component is tagmension,, 
the meaning .component abstracted from' the semiotic context, and the .externa 1 
component is the Semiotic context itself." . ' '-J .Q E 0 

, Thus the structure for a tone as given by our theory' is' shown in 
Figure 4. . - ^ 

Theorem 2 ; A sign is a type i-ff i4 has exactly two levels of syntactic 
strJcture. It therefore has two components of syntactic meaning (tagmension 
and eidension) and two external syntactic components (the semiotic^o;Qtext 
and the shape of the sign).' ' , • 

Proof ; As'in Theorem 1, anV sigq must* have the tagmatic level of 
str-ucture.. However, from Definition 2 we see that an abstract existence 
as given by the tagmatic structure is not sufficient for a type which must 
have a concrete general existence aqd must be distinguishable from other 
sign types. To enable distinguishability the type must have a shape, which 
then determines its existence as a general. A type must therefore have the 
second or eidontic layer of structure in addition to the tagmatic level. 
On the other hand, if a type also had the third (ontotic) *level it would 
exist as 'an actual, single, physically existing individual (as argued In 
Theorem 1) and could not be a general as^required by Definition 2. There- 
fore a type cannot have an ontotic level of syntactic structure. 

Thus a type has exactly two levels of sjmtactic structure, wJich are 
the tAgmatic and the eidontic structure. By the Principle of Internal/. 
External Balance, this structure consists of two internal components and 
two external components. From Figure 1 we see that these internal components 

•'* ■ '-11- ■ 



are tagmens^on and eidension^Cthe meaning component abistracted from the 
semiotic shape), and the external components are the* seimiotic context and 
the shape itself, ' . . - , ^ . QE D 

Figure 5 showis the structure for a type, as^ given by.^be Sign Structure 
theory. ' • ' ' 

* .. ; ^ -■ ■ .;: . 

Theo rem 3: A sign is a token iff it has'lEfll three levels of syntactic 

structure. It therefore hae three components of^ayntactic leaning (tagmensicm 

^eidension, and ontosion) anji three ext^tnal syntactic components (the semiotic 

context, the i3hape of the. sign, and the medium in Which it is embodied). 

"""-^ ' . ' ■ 
ProbT f. In order to have the actual, single, . physical existence as an 
* . ' ' * ' r * • , 

individual required by Definition 3, a token must be embodied in some physical 

medium. Figure 1 gives this as the third level of syntactic structure; and* 

by the Principle of Additional Structure the token «mast therefore have all 

three levelsr'o^ syntactic structure. By- the Principle of Internal/ExternAl 

Balance, thi^ structure consists of three iiiternal jcomponents and three 

external components. It follows that these internal^ components are tagmension 

eidension, and ontosion (the meaning component abstracted from the semiotic 

medium), and the external componentsp/^re the semiotic context, the .shape, ^ 

and the medium itself. / ^'^^^ ^ Q E D ' 

The proof of Theorem 3 f o11o\/b very simpl^ from the; calculus of the 

theory i biit because of this terseness it lea^s seething to be desired of • 

our understa||hUig. This can be supplied by motivating the need f6r all 

three levels syntactic structure In the token. In order to exist as . 

a token, a sign mustbe embodied in some medium, but it cannot b6 <so 

embodied in the medium without supplying a shape to the medium as well. 

It is thiis shape that is. used to' detect and distinguish the existlbnce as 

BB instance of this type rather than some other type. This determines the 

presence of the eidontic structure in the token. The necessity of the 

tagmatic .structure is more subtle. We can very well imagine a message 

seeming to consist of ^a single sign, for instance a cross standing beside 

a rural road. But such messages do not actuality consist of a single sign, and 

never appear in isolation from some semiotic system which determines their 

^contextual relations. (The cross appears beside the road where we have come 

to' expect such signs, contrasted with situations along interstate highways 
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in Which* siith signs don' t occur. These are contextual relations; they form 

part of the semiotifr^onpext for interpreting the cross as a sign, and 

determine the presen^ of the tagmatic structure in the token,) p?Jras the 

* ■'**/ 
result of Theorem 3s, is well motivated both, ±i\tuitively and empirically, 
, ' . . « • » ^ '. 

^ Figure 6 gives the stTucture for a token determined by Theorem 3. 

■.. ■ V ^ ■ ; ' 

Theorem 4 : A. sign is. an ind^x iff it Has exactly one level of semantic 
structure. It therefore has one component of semantic meaning (extension) 
and one external semantic component (the object or the sfgn) • 

9 

^ Proof: By the Representation Principle and the Principle cJf. Additional 
Structure at^y* sign must h^ve at least one level of senjantic structure ffnd - 
thJLs must be the innermost, or deicVic,' leveL, Frojn the universal sign 
structure diagram (FUgure 1) , the* outenrioCt seiaantic level consists of the 
arbUtrary, but conventionalized, cognitive interpretation of the ^ign. By K 
Definition 4, however, an index determines the object by a singlfe cause- 
andreffect relation actually existing* between 'the sign and the object. 
Therefore we are no.t freeXto- form arbitrary conventions as to how we shdll 
int61:pret an index, and hmce' an index cannot have a noetic level ^ff 
semantic structure. AlstI by Figure 1, the second, , or mid.dle, semantic level 
consist^ of an interpretation - of a sign as determining its Object via a 
similarity between properties in the object and properties in the shape 
of the sign. Since a cause need not bear any sensible slmil%rity to its 
effect and vice versa, we are not free to interpret indexes via simila^ties 
and hence an index cannot have a hypotic level of semantic structure. 

Thus an index has exactly one l^vel of semantic structure, which Is 
the deictic structure. By the Principle of Internal/External Balance, 
this structure will consist of 'both an internal and an external component . 
From the universal structure diagram we see that ^e internal component is 
extension (the meaning componei\t abstracted from the object), while the 
external component is the object itself. , . Q E P. 

Theorem 4 gives us the structure for indexes shown in Figure 7-. 

^Theorem 5 '; A sign is an icon iff it has exactly two levels of semantic 
structure. It therefore has two components of semantic meaning (extension 
and' intension) , and two external semantrt.c components (the object of the 
fii*gn and its ground). 2Q . tHi^*; 



Proof ; As in TheoreJn 4, an icon must have a deictic level of structure 
whl^'^ty the Principle 'of Internal/External Balance ^consists of- the extension, 
and object of the sign. But' by Definition 5, the icon's object is determined 
by a similarity. Sihce no similarity is ericompased by a deictic relation 
(causfe-and-eff ect , pointing, or otherwise), no determination would be made 
if the deictic level were^the only semantic structure present in the icon. 
Therefore icons posses^ an'^dditional level 'oft> semalitip structure. By thjp 
Principle of Additional- Structure this must include at least the hypotic 
level. This can a/so justified -intuitively since in order ^ i^epresent 
its- object by a likeness, •there/nmstj'be a sef of proJ)erties in the object 
by which this likeness iS determined. These properties constitute the groupd 
of the sign which 1^ the hypotiic^ component of external .structure. By the 
Principle of rnternal7Extern;il/'^Edlance, there must aldose an interna], 
hypotic component, which is the intension of the icon. 

As in the proof of Theorem 4, we are npt free to form arbitrary ' , 
conventions .as to how we shall Aterpret an Icon. We must use those 
properties far judging a similarity .which is ^actuially present in the shape 
of the r^ign. Therefore an icon cannot have a noetic level of semantic 
structure. . * 

Thus an icon has exactly twp levels of semantic strucfture, which ace 
'the deictic and hypotic levels. By the frinqiple of Internal/External 
Balance, each level of this structure will consist of both an internal- 
component and an external component. From the universal sign structure 
diagram (Figure 1) we see that the internal components are the extension 
and intension (the meaning component abstracted from the. ground of the 
sign) and the external components are the object aiM the grou3 itself. Q E D 
Figure 8 gives us the structure for icons detem^ned from Thfeore^S. 

Theorem 6 ; A sign is a symbol if£.it has all three levels of semantic 
structure. .It therefore has three components, of semantic meaning (extetision, 
intension, and cognesion) , and three external semantic components (the 
object, the ground, and the cognitive mentellect of the sl^n) . 

Proof : In order to determine its pbject accot^tng^o an arbitrary 
convention, agreement, or general -"?law,' as required for a symbol by 
Definition 6, a symbol must be interpreted via a cognitive mentellect 



(which the universal sign structure diagram (Figure 1) gives as the third 
level of semantic structure) . By the Principle of Additional S^ucture 
the symbol must therefor^have all three levels of semantic structure. 
By the Principle of Internal/External Balance, this structure consists of 
three intetnal components' and. three external components. It follows from 
the universal sign structure diagram (Figure 1) that these internal 
components are e^endion, intension, and cognision (the meaning component 
abstracted from the cognitive mentellect) , and the' external components are 
the object, the ground, and the cognitive mentellect itself- (Figure^,9). Q E D ^ 

Theorem 7 : A sign is a rheme iff it has exactly o'ne level of pragmatic 

structure. It therefore has one component of pragmatic meaning (contension;- 

• * , - % - ' ^< . ' . * 

and otie external pragmatic component ,(the*s6ci^V^®^^^^"^^l' 

the sign) . ' 

Proof; By the Representation Principle and the Principle. of Additional 

Structure any sign must ^jave at least one level of pragmatic structure and ' 

thi^must be the innermost, or contotic, level. From the universal sign 

structure diagram (Figure 1) we see that the second level of pragmatic 

structure sets- up an actual relation of fact Jpetween the sign and the 

interpreter, and therefore represents the kind of relation defined" for a 

pheme (and not for a rheme which must expresd to the interpreter only a 

possible reference). Therefore, a rheme cannot have a second level of 

pragmatic structure at the purpdrtic leyeX, and (by the Principle of 

Additional Structure) tt also cannot have a second level of pragmatic 

structure at ' the emotic level. Thu^ a rheme has exactly one level of 

pragmatic structure, which, is the contotic structure. By the Principle 

of Internal/External Balance, this structure will consist of both an ' 

internal component and an external component. From the universal sign. 

structure diagram (Figure 1)' we see that the internal component is contension 

(the n/eaning component abstracted from the' socia^/behavloral context), and 

fchc^xternal component is the social/behavioral context itself. Q E D 

Thus-, Theorem 7 gives us the structure for rhemes shown*ln Figure 10. 

Theorem 8 ; A sign is a pheme iff it has exactly two levels of pragmatic 
structure. I^t therefore has two components of f)ragmatic meaning (contension 

. ' . "'2^4 
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and purposlon) and two external pragiuatlc components (the social/behavlbral 
context of the sign, and its interpreter). < ' ' ' 

* " Proof : As in Theorem 7, a pheme must have a cbntotic level of structure 
which by the Principle of Inter?fal/Extemal BalAice consists "of* the contensio 
and' social/behavioral cop?:ext of the sign. But bji Definition's, a pheme mWst 
express an actual relatipn of fact .l^etween the sign and interpreter. This 
cannot be dond: by the cbntotic structure which express only a possible * 
relation of 'reference between th^ sign and 'interpreter . Ther'efore phemes- 
possess an additional level *of pragmatic structure. By the Principle of 
^ditionaL Structure this must include at least the purportic level. This 
cap, also be. justified intuitively: we sav from the universal. sign structure 
diagram that the second level of pragmatic structure dops set up an actual^ 
relation of fact between the sign and tl?e interpreter. The interpreter, 
in fact, is the external exponent of the purportic level bf pragmatic 
structure • By the Principle of Iritfernal/External Balance then, th^re must 
also be an internal purportic component which is the purporsiofi of the 
pheme. If an emotive mentellect were added to the pragmatic structure of 
the^^jiheme. Its interpretant would express a relation of reason between the 
sign ajbd the interpreter, or the pheme would be expressed as a sign of 
reason to the interpreter, not as an actual relation of fact between^ the 
sign and interpreter as is required by Definition 8. Therefore |a pheme 
cannot have an emotic level of pragmatic structure. 

.Thus a pheme Tias exactly two levels of i>^agmatic structure, which 
are the contotic and purportic levels. By the. Ptinciplfe of Internal/ 
External Balance ^ch level of this structure will consist of both an 
internal component and an external component? From the universal sign 
structure diagram (Figure 1) we see that the internal components are the 
contension and purporsion^ (the meaning component, abstracted from the 
interpreter of the sign), and the external components are the social/' 
behavioral conte:^ and the interpreter itself. Q S D 

Theorem 8 gives us the structure for phemes shown in Figure 11. 

Theorem 9 : A sign is a doleme iff it has all three levels of 
pragmatic structure. It therefore has three internal pragmatic ^ 
components (contension, purporsion, and emosion), and three external 



pragmatic components (the social/behavioral context, the inte^reter, . 
and the emotive mentellect of the sign). f 

Proof : In order for a sign's interpretant to represent it as a sign 
of rjeason to its interpreter, as Required for a doleme by Definition 9, 
a doleme must be expressed by an emotive mentellect, which t,he universal 
sign 'structure diagram. (Figure 1) gives this as tTte third level of pragmatic 
structure; and by the Principle of Additional Structure the doleme ^must 
therefore have all three levels 'of pragmatic structure. By the Principle 
of Intemal/Bxtemal Balance, this structure consists of three internal 
components and three external components. It follows from the universal 
sign structure diagram that these internal components are contension, 
purporsion, and emosion (the meaning component abstracted from the emotive 
mentellect), and the external components are the social/behavioral context, 
the interpreter, and the emotive mentellect itself, ^ Q E D 

Theorem 9 yields the structure for dolemes shown in Figure 12, 




Fig, 12. Dolemic Structure 



C * Summary 

Theorems 1-9 explain the three trichotomies proposed by Peirce — the 
syntactic classification (Theorems 1-3), the semantic classification 
(Theorems 4-6), and the pragmatic classification of signs (Theorems 7-9). 
The proposed sign structure model is universal in the sense that it 
displays the structure of all categories of signs. 

The theory presented in this section is the outgrowth of the 
dissertation research of one of the invesftigators into the structure of 
the symbolic rheme [29], In this work the meaning of the sign is identified 
with its internal structure. Separate reports are in preparation surveying 
the various senses of the work 'meaning' found in 2Qth century literature 
[30], TOd explicating the distinction between internal and external sign 
structure and sign components. [31]. 

The proposed theory is a relatively elementary beginning pertaining 
to relational phenomena. In the future, information science should develop 
more refined theories of sign structure, particulary ones capable of 
predicting quantitative phenomena. To do so, information science- research 
must focus heavily on the fundamental questions of sign structure and sign 
processing, both from the experimental a^d the theoretical side. In our 
Opinion, significant progress along these directions may establish informa- 
tion science as ^ new paradigm for an^ alternate group of sciences. 
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III. INVESTIGATIONS INTO SIGN STRUCTURE 

This section describes a number of investigations into the structure 
of signs and' Information processes, using the language and concepts 
developed and embodied in the theory outlined above. There is no particular 
reason underlying our choice of these "projects",. In selecting these 
Investigations our motivation has been to test, and demonstrate the utility 
of the language and the theory across as broad a range of information 
processes as possible; at the same time the choice of projects has been 
a.ffected by the backgrounds and interests of the investigators and their 
slight propensity toward theoretical questions, rather than toward 
technological problems of temporary significance. Potential utility of 
the research in applied research, in information technology is^broached 
at the end of this chapter. / 

One investigation described (into the nature of definition), concerns 
all three dimensions of semiotic processes — syntactic, semantic, and c 
pragmatic. The remaining studies fall into one each of two categories: 
syntactic and semantic. So far; we have not pursued studies to advance 
our understanding of pragmatic structure, although we believe the Universal 
Sign Structure Model to be very useful and promising in this respect. 

A. The 'Nature of Definition 

Definition may be regarded. as one o^ the more important information 
processes. We believe that our theory of sign structure pemits us to 
systematize all previously proposed concepts of definition. 

Many terms associated with definition have appeared in the literature, 
but apparently there has been no suggestion that these may be related to • 
the various components of meaning in any systematic manner. Thus Robinson 
lists and analyzes eighteen kinds of definition found in good writers, 1^6] 
without attempting to systematize or interrelate them. Pla^, Pascal, 
Locke, Whitehead and Russell, and Wittgenstein all appear intent on 
explicating certain concepts of definition without int^relating, t^m. 
We do see efforts at a .systematic account of definition in Leibniz and 
Peirce. In Leibniz clear and distinct definition leads to clear and' 
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distinct ideas, while Peirce introduces a third mode of definition that 
leads to a higher mode of understanding; these three modes of definition 
were already understood in Scholastic ages, however, by such semioticians ; 
as Duns-Scotus. 

The menetic analysis of defini'tion, first alluded to by Pearson [29], 
proceeds from the^approach Jto definition propounded by J.S. Mill: • . 

. . ■ ^ • • . • ' ' 

'A definition is a proposition declaratory of the meaning 
which it bears in common acceptance, or that which the speaker 
or writer, for the particular proposes of his discourse, intends 
to annex to it. [19]. . ^ 

Oi^r theory of sign structure, which J.dentifies meaning with the 

internal structure of signs and postulates nine meaning coii5)onents, permits* 

us to modify Mill' a 'concept by introducing the concepts of 'elementary' 

and 'complete' definition, as follows: » "* ' 

'An ELEteNTARY DEFINITION is one which states one component of the . 
meaning of a term. . . , ^ 

A COMPLETE DEFINITION is one which defines, all nine components 
of meaning of a term, and hence incorporates nine elementary 
definitions. 

The Universal Sign Sjtructure Model predicts nine different kinds of : 

elementar;/ definition. The following are some of the kinds df elementary 

definition and their equivalents identified in the literature. 

% ' ■ ' ■ 

Definition of the shape of a sign (eidcfntic* definition) is called 
in /the literature "definition by abbreviation". It is most often 
used in mathematics^ as when it is. declared th&t a certain newly 
introduced symbol ... is ttf mean the same as certain other 
combination of symbols of whic^h the- meaning is already know. 
/ -[54, 2nd Ed., pll]. . 

Definition o'f the semiotic context df a sign (tagmatic definition) 
is called' "contextual definition" or "definition in context". . 
(Russell's definition s^f the irieaning of a definite d^criptlve 
phrase is an example of a definition in context; as such it 
captures pnly the tagmension of this meaning.) , 

Definition of • the object.af a sign ' (deictic definition) is called 
"ostensive definition" [15]., "extensive definition" [46], and 
"denotat/ve definition" [18]. . .v 

♦ Definition of the ground of a sign (hypotic definition) is called 
"attributive definition" [46] and "connofcatlve definltJi^n" [18]. 

30 
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Definition of the social and behavioral context of a sigh 
(contotlc definition) Is calTfed "the-method-of-tule-glvlrig" In 
the sense of voluntary human rples as used by Robinson [46, pl29f]. 

Furthermore, Brldgeman's concept of 'pperatlonal definition' comes 
close to being pure ergotlc definition (definition* of the purporslon of 
a term), Robinson give the label* 'persufiislve definition' to what appears 
to be emotlc definition (the deflnitlqn of the emoslon of a term), 

, B, Syntactic Communication . ^ 

The Universal Sign Structure Model predicts three levels of syntactic 

structure: ontotlc, eldontlc, and tagmatlc. In the syntactics of natural 

language these levels ma^ be Identified with phonetics, morphophonemics, 

and^tagmatlcsi respectively, although this Identification has not been 
{ . ■ , i' . ■ 

exfi^lcated as yet. Instead, early efforts have concentrated on using this 

prediction to explicate the statistical theory of syntactical communication. 

The Universal Sign Structure Model appears to offer the most .natural 

explication for this theory. 

In communication we use actually existing, embodied signs to carry out 

actual Instances of communication. Communication thus requires the use of 

sign tokens; this syntactic structure is then our only concernHn synpactlc 

communication theory. Therefore according to our Theorem 3, the structtire 

of communication is represented by the following diagram in Figure 3. 
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In the standard theory of syntactic communication as introdu<ied by Shannon 
[48], however, we are not interested in the meaning of/the messages 
communicated; hence, ignoring the internal portion of the above diagram 
arid rotating the external portion, we obtain Figure 14« 



(semiotic ] f . \ 

coatext J . \ ^ ^^^P^ / 



^edium 



Pig. 14. External Syntactic Structure Rotate 



information , 








Source 




^ ^encoder 





/channel 



Fig*. 15. The Communication Interpretatipn 



We must now interpret this model in the communication setting. In 
generating or initiating communication we start with the^semiotic context, 
since this Is the first, or innermost, level (from the P|jtnciple of 
Additional Structure). -Therefore, we* first generate the semiotic context 
of a sign for communication; next, we add a shape to the sign and its 
context; and finally, we embody the sign in some. physical medium* so tHat 
the; communicat ion can actually be carried out* F^^m, these we derive Fig. 
15; the communication component which generates the context of a sign has 
been called an 'information source' [1]; the component which' adds a shape 
to a sign and its context is called ar\ 'encoder'; the physical medium 
embodying the sign is called the 'communication channel'. Taking into 
account the fact^hat communication includes both a sender and a receiver 
we derive the traditional communication model (Figure 16). As usually 
presented, this diagram includes noise, a physical property of every 
real physical medium. J * . ' . 
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Fig. 16. The Coiqmuni cation Model 

' ■ ' ^ \ 

In most textbooks the "communication model" is^ n^ellj presented 
Ainmotivated. We are able to derive the communication mod^l rationally 
from the fact that in the theory Of sjmtactic communication we are interested 
only in the external syntactic structure of tokens. From our viewpoint such 
theories of compl^uni cation as presently exist are seen to be theories of 
communication 'physics, not geheral semiotic theoi^es of communication, 
'We suspect that further advances in" communication science will require 
further development of more general semiotic theories \ 

The semiotic properties associated, with tone, type Wd token phenomena 
may be used to understand the communication processes associated with each' 
component. We have incprporated this approatch into class notes for a senior 
level course Ijn communication processes [26J; it makes these processes quite 
easy to explain. A textboolc on this subject is in preparation [44] . 



C. Perception " 

According to at least one major school of philosophy, the object of 
perception is signs. Sta^ more precisely, signs are the vehicle of 
perception, and the denotata of signs 'arje the objects of perception. 

Perception -as a semiotic, or information, process is similar to 
communication, with two important exceptions. First, we are only 
interested in receiving signs, not in generating or sending them. Second, 
we are interested in both the internal and the external structure of signs. 
In order to be received, sigos must actually exist; hence, in perception 
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we' are interested in tokens. Furthermore, we are only interested in the 
syntactic structure. Thus our understanding of the syntactic structure 
of sighs, and particularly our Theorem 3, should be useful for developing 
. psychological theories of perception, 

1, A Semiotic Model of Perception 

Figure 17 shows | semiotic model of perception, an adaptation of the 
UniyersaljSign Structure Model, The major new cpncept introduced is that * 
^ of 'menetic valves' , which appears useful for intefgrating many of the 
isolated findings and theories of particular perceptual phenomena. 

From Figure 17 we note' that perceptual variables are divided into 
three categories: ontotic (variables associated with the physical medium), 
eidontic (variables associated with the semiotic shape of the sign), and 
tagmatic (variables associate^ with the tagmatic context). Ontotic 
variables are equivalent to Stevens' 'psychophysical variables' [52] and . 
Garner's 'energic variables' [11] ; eidontic variables are synonymous with ^ 
Garner's 'structural' or ' informational 'variables [11]; and tagmatic 
variat^les are equivalent to Jenkins' 'contextual variables' 14] , 

Our threefold catagorization of variables is motivated by the syntactic 
structure of the sign. It explains such experimental pheonomena as Gamer's 
•observation that at the Informational level of perception all variables 
fall into/two categories <i.e., ontotic and eidonti^ having distinct 
and unique properties; and that there are two kinds of relationship (called 
by Gamer 'state' and 'process') between perceptual variables and the sign 
processor. These and other applications of the theory /Oj^ siin structure 
to perception are discussed below, 

2, The Naural-Quantum Model and the Bekesy-Stevens Valve 

The Stevens' psychophysical power law [52] is a major improvement over 
%he logOTithmic law of Weber & Fechner in that it allows us to relate in a^ 
consistent way — namely, through a power relationship--several psychophysical 
variables, and to determine their relationship to each, other and to the 
interpreting organism. It also enabled Stevens to upgrade the measurement 
of psychophysical variables* from an interval measurement to a ratio measurement. 
As a result Stevens has gained enough. insight into the processing of ontotic 
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varlables*to ask new kinds of penetrating questions, and to refine 
experimental techniques to study how this Interpreter processes ontotic 
variables. The results of this work are .ihcorporateS Into a theory 
called' the "neural-quantum model" •[52], developed jointly by Bekesy 
and 'Stevens. ' . ' * • 

In the language of the semlo^lc model, i:he stimulus variables are 
■^Irst processed by a neural-quantum <or Bek^SJ^-Stevens) valve which 
'selects - the oiitotic (or psychophysical) variables, bypassing, thfe eidontic 
(or structural) and tagmatic (or contextual) variables, and determines 
the organ^mic response strength corresponding to the physical intensity 
of these variables. The ontotic processing center also determines Whether 
the present stimulus is a sign or merely a physical body, and it activates 
or deactivates the eidon tic valve accordingly. This explains the metric 
relations existing between varijartJS psychophysical variables, the power 
relationship between physical itensity and psychological response to 
psychological variables, and the ability of the interpreter to selectively 
^ -Ijrocess the ontotic variables to the exclusion of variables of any. other 
category (but not vice versa). 
, \ ^ , " . ■ ■ ' 

3* The Levels of Trocesstng Model aqd the Day-Wood Valve 

Attempts to explore the relation between the ontotic and eidontic 
levels of perception have been begun in a vague, unsystematic way (e.g., 
by Jlazran, Rommetveit, Jenkljj^s, Skinner, Day arid Wood, Gamer, Posner and 
Mitchell). Gamer and his colleagues [11] have carrie<J out perhaps the 
most complete ^d systematic investigation of how the information processor 
interprets eidontic variables; but their results are open to interpretation 
until the more fundamental question of the relation between the levels is 
clarified. ' 

To-date the most conclusive results ois this queation ' appear to be those 
of Day and Wood. What happens when an eidontic and ontotic property of * . 

{ 

the stimulus is processed in the same act of interpretation? Day and Wood > 
[7] asked an equivalent question and found asymmetric Interference: In 
an experiment Involving six classification tasks, an ontotic variable prodtices 
Interfere^e when It Is Irrelevant to a judgment task requiring dlf ft^rentation 
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of an eldontic variable. The? opposite interference does not occur 
however . . 

These results are as expected for redundant coding. There is improve- 
ment in performance when the^S n^eds it, as with correlated variables. 
There Is, however, avoidan^^of interference only when the S is, judging 
ttie ontotic variable; tlie S cannot ajoid interference when judging the 
eidontic variable. Day and Woo^s^^gfeest that such a situation makes 
sense if we consider that the ontotic variable is processed in a distinct 
processing center at a lower level' than the eidontic variable. Thus an 
ontotic variable is processed before any eidontic variables, and It can 
be discriminated without^ interference from irrelevant variation in the - ^ 
eidontic property. If an eidontic property is- the relevant variable, 
then any ontotic variation will interfere with discrimination of - the 
eidontic variable, beciause tliat variation must 6e processed before the 
eidontic property can be perpeived. Garner [IXj pl37Koffers a partial 
'explanation of this. A stimulus may exist with only ontotic properties 
(no eidontic properties); that is, an interpreter may process ontotic 
variables without processing any eidontic variabXes. A stimulus with 

eidontic properties cannot existy howevei:, without ontotic properties; 

* * . • t, ■ . 

i.e., an^ interpreter cannot process eidontic variables i/ithout first * 

processing the ontotic variables. 

^By reference to Figure 17 we note that the diode symbol fa represents 

the^quiinWative aspects of the valve, and the mi;jcerb6x symbol, ^ , represent 

the logical relations involved. The Day-Wood hypothesis of differjpnt 

processi^ levels is represented in' the mo^del by ^the distinct component^ 

and processing levels of the diagram. The np6essity' to process the ontotic 

variable before the e"ldontic, and^th*e possibility of processing, the yon to tic 

variable without processing the eidontic are represented by feeding an 

output from the ontotic processing 'center into the cbntrol box of the 

eidontic, or Day-Wood, valve. With no input to the contx;ol box of the* 

Day-Wood valve, the Day-Wood valve cannot ouput any eidontic variable 

into the eidontic processing center. '^-^^^ " * 

The semiotic model of perception also explains many »of ydarner *s.; 

distinctions. According to Gamer, the first important process in 

stimulus le^«tiag involves learning what exists; the second, 4 is criminating 
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between the items that exist fll]. This distinction corresponds to 
perception at the ontotic and the eidontic levels.. Furthermore, if 
letters are used as the lavel:^ and variables of^^utidimensional stimuli 
such that they form "real" words gather than nonsense words, the effects 
of eidontic and ontotic structure are considerably attenuated, but not 
eliminated. This indicates that the stimuluses are perceived as words 
and^ they form a higher level of interpretation, perhaps at the tagmatic 
level as suggested by the semjLotic model of perception. 

Gamer finds it necessary to distinguish between the Informational 
' proper ties of a stimulus and its '*energic" pijoperties. This distinction 
differentiates alternative ways in which stimulus redundancy can affect 
discrimination performance. Energic properties provide activation of 
the sense organ and correspond to our onto'tic properties. He uses the 
label ' informational* op^i«tructural V equivocally, sometimes referring 
to the shape properties of signs ^^e eidontic properties) and sometimes 
to semiotic properties in general. Garner also uses a distinction concerning 
factors that can limit perception. He calls these the 'state axis* and 
the *p»rGcess axis* . In oUr model, limitations concerning ontotic properties 
correspond to the state axis while limitations concerning eidcyitic properties 
correspond to the process axis. ^ 

4. An .Interpretation of Jenkins' Phenoihena: the Jenkins Valve 

Jenkins [14] has also observed a "massive interference" effect in 

several experiments. However, in this case, both the ontotic and eidontic 

aspects the stimulus \^er^ fully processed. As Jenkins himself observed,; 

the effect seems to involve antisymmetry in the contextual relations of 

the sign. \r 

We therefore pdstjilate that this effect can te explained by a valve 

similar to the BekM^- St evens and the Day-Wood valves, and propose to call 

it the 'Jenkins valve*. Based on Garner's analysis of the Day and Wood 

experiment we suggest that the Jenkins valve can best be isolated and 

observed by concentrating the S*^' attention on two processing levels 

simultaneously, perhaps by having S measure word spelling errors (eidontic 

property) while in^nitoring pare erf speech usage of the same word (tagniatic 

property) vs, measuring category errors while monitoring corrections of 

spelling. / ^ 
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4h 5. Proposed Measuremen t of the OperatlnR Characteristics of the Ddy-Wood 
Valve ' , 

Tlie Bekesy-Stevens neural-quantum model may be Interpreteu as a theory 
of the operating characteristics of the Bekesy-Stevens valve. Compared to 
our knowledge of this valve, our understanding of the Day-Wood valve is * 
scanty: we know little else than its control box is a summatable on-^of f 
device. It is therefore of interest to be able to measure the operating 
characteristics and to derive a theory of the Day-Wood valve. 

We believe this can now be accomplished, using the concept of 
eidontie deviance and the instrumentation discussed in section Dl below. 
We have observed at one point of the eidontie deviance scale an effect 
which universaP^ly and radically changes the way artificial words are 
interpreted: on one side of this poJpJL^'^ process only length, while 
on the other they process both leogth and pattern. This point thenlappears 
to be the initial operating point for the Day,-Wood valve^ — a phenomenon Ve 
are anxious to use for measuring that valve's operating characteristics'. 
Other effects which we anticipate' will enable us to explore the operating 
characteristics of this valve are the Terwilliger etfect [53], the Miller-nr 
Selfridge effect [21], and also various effects involving eidontie deviance 
and visual acuity, and novelty. ' 

I Dv Syntactic Shape / , 

Our research into, the nature of syntactic theory has concentrated on 
the eidontie level, with the semiotic concept of shape being of primary 

• ■ 

interest. This section reports on our work in this area. '* \ 
Eidontie Deviance ^ ^ 



The deviation of the shape of a natural language sign from the hypo- 
thetical norm, or average shape, of a sign in a given natural language is 
of considerable- inleres-t to infotmation science, for both theoretical and 
applied reasons. To measure, such a deviation we have developed an • . 

instJrument called the 'eidontie deviometer* ory in short, 'eidometer' [42]. 
Mea^rements on artificial word forms using this instrument are both 
reliable and precise. \ , 
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In previous >york/ Miller , Bruner and Postman showed that thje inter- 
pretation of signs is afEected by their shape [20]. We expect the 
eidometer to enable a precise Measurement of this phenomena, and hence to 
lead to a better understanding of the interpretation process. Thus far, 
we have redesigned the Miller-Bruner-Postman experiment using an elementary ^ 
tachistoscope (teescope) with the stimuluses measured by the eidometer, and 
have perfo^ed successfully an exploratory trial (the number of interpre- 
tation erro-rs as measured on the ^tfeescbpe is directly and linearly 
proportional tjj^ the eidontic devianx^e as measured on the eidometer) • This ^ 
experiment will be refined and carried out with a sufficient number of 
subjects to enable Satisfactory tolerances to be placed on error bounds. 
This research should lead to a direct measurement of the redundancy curve 
for natural language, a measurenj^t which has not been made before (although 
Shannon [49] determinecJ uppe^r arid lower bounds .for this curve mathematically). 

The eidometer permits the redesign of .many other classical experiments 
.involving t\^e measurement of word shape, as well, as the design of . new 
experiments investigating Marious' aspect^ of semiotic shape, A file of 
nearly 100 preliminary experiment designs employing the eidometer has been 
compiled. One such experiment, the proposed measurement of the operating 
characteristics of the Day-Wood valve, was described in the previous section. 

2. Polygram Frequencies 

Tables of polygram fretjuencies .are useful- for the generation of 
artificial word forms and the study of redundancy in natural language. 
.'Since tables for American English whjLch are publicly available are ^t 
least half a cen^tury old and suspect (havin^most likely come from counts 
of military documents), and since access to later and more general counts 
which exist requires a security cliearance and "need-to-know", we have 
prepared a table of polygram frequencies from a count of 5.5. million letters 
in the Brown Corpus of standard American [28] . - j ' 

.During the analysis of this count data we discovered a rank-frequency 
regularity among t]ie letters. However , unlike the rank-frequency law of 
- Zipf and Estoup for words, which is log-log it^ nature, the regularity for 
letters is log-linear in nature- We analyzed all available data for other 
alphabets and phonemic systems, and found -this relationship to hold in 
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every case. A preliminary literature search shows no previous mention of 
this regularity; ifc Is hoped that after additional artalyses Cfetill to be 
perfotTned) we .may be able to report a discovery of a universal relation for 
the shape elements of a system of discrete signs. ^ 



3. Tagmatic Deviance ' ' 

Although several proposals for measuring tagmatic deviance (deviation 
in contextual constraints) have been suggested, none are straightforward. 
A way must he. found to obtain measurement of tagmatic deviance by inter- . 
linking the measurement of eidontic devi ance at both the word J.Qvel and 
the sentence lewl. Several schemes for doing this are presently und^r 
evaluationr at our School. 

4> Algorithmic Information . \ 1 - ^ 

A historical and tutorial paper has been prepared ofi the meaisXirement 
of semiotic shape, to ^ppear in- International Journal of d pmpjuterg and 
Information Science [43J. ' - 



In many kinds of signs, shape is primarily concefned, with length* 
and patt-em. In 1965 Kolomogoroy proposed a measrure of shape which is 
mainly a measure of the pat;tern [17]; called ' aljgorithmfc information' or 

r 

•complexity*, it pertaiAs to the length of the shortest algorithm that will 
produce a given sign as its output. ^ 

Patterns, howevet, can be described Verbally, whether for the purposes 
of internal coding or of long-terrn memory and reproduction. In 1963 
Glanzer and Clark, using signs composed of' 1 in e^ arrays of black and 
white elements, showed that accuracy of reproduction of patterns wafl,>^ 
corj|i|lated with the length of description of the patterns [12]. In this 
case the correlations were basetd on average rather than minimum lengths, 
and length wa» measured as the number of words in a natui'al language 
(American) description rather thdn the number of steps in an algorithm. 
Using various outline shapes, Glanzer and Clark further' showed that the 
"length of the descriptiori was correlated with judged compliaxity of the 

shapes [13]; in genctral, longer descriptions go with greater difficulty 

■•y 

of learning and with greater Judged complexity. 



4 - t 

Conceptually, the Kolmogorov and the Clanzer-Clart m^asur^are the - 
same. Kolmogorov' s measure' is a formal or mathematical model of Glanzer- 
Clark's empirical' measure • 

^ E, Semantic Structures 

Another area of original investigation which has just begun concerns 
the semantic structure of signs. Although the Universal Sign Structure 
Model stems from research into natural language, this same structure should,' 
if it has any corellation with reality at all,*show up also in other disciplines 

which study sign processes—disciplines such as philosophy and psychology, 

•/ 

1, Analysis , 

A preliminary argiflneht has been developed which shows the usefulness 
of the universal structure model for unraveling philosophical probrlems, 
G, E'. Moore, an early twentieth century British philosopher, developed 
a paradox which has come to be called Moore's paradox of analysis and may 
be stated as follows: if the analysis of the meaning of a word has the same 
meaning, it is trivial; but if it has a different meaning, then it is wrong, 
Moore knew well that philosophers very often make correct and non-trivial 
analyses, but he was never able to develop a theory of analysis wh|ch 
overcame his own paradox. While other philosophers have tried with varying 
amounts of success, the problem has never been solved completely. The most 
popular approach is to say that the problem lies in the formulation of the 
paradox, which assumes that meaning is either a single or whblistic kind of 
thine Which is either completely the same or else altogether different, 
Frege [10] and Carnap [6] assumed that the meaning of signs has two compone^s, 
but. their assumptions were for entirely different purposes, Carnap was able 
to delineate the character of scientific i|nalysis fairly well yfXth his 
•ext^ion' and 'intension', but he was never able to handle philosophic 
analysis, Moore himself said he thought philosophic analysis required . 
something like determining- the same objects by the same properties but 
understanding or cognizing this determination in a different way. 

From our sign structure model (Figure 1), we note that cognis^n- 
uniquely determines intension, which in turn uniquely determines ^lension, 
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while a difference In extension ensures that two terms will have a 
difference In Intension, which In turn ensures a dlfferpnc? In cognlslon. 
We may therefore state the solution of Moore's paradox as followa: 
Scientific analysis requires an Identical extension with a difference 
In Intension, While philosophic analysis requires at*' Identical Intension 
with a difference In cognlslon. 

2. Meqpry Coding * 

Another area we have begun to explore concerns cbgnltlve representation 
Klntsch has reported three aspects of cognitive memory which he calls 
'sensory', short term', and 'long term' [16] • Bruner has reported seye?al 
modes of representation, or coding. Including 'enactlve' , ^Ikonlc', and 
'symbolic' [4]. He has studied the sequence In which these capabilities 
develop In children and the rate at which signs can be processed using 
the various modes of representation. It would appear as If there were 
just one form oi> coding associated with each aspect of cognltlve;^ memory ; 
however,' this Is not clear because of confounding effects on the experj.ments 

An ext>erlmental program Is being designed to critically Isolate each 
memory aspect and the mode of representation that Is associated with It. 
The first experiment, to Isolate and determine the characteristics of 
Iconic coding, uses an Interference effect suggested by Slegmann [50]; In 
experimental 'i:rlals the li\^rference effect Is well~marked and can be 
detected easily [36]. Additional experiments are planned. Including ones 
using children to verify Bernbach's [2] results. 

The advantage of achieving an answer to this questl6n Is to alloW 
quantitative measurements of psychology to be used In future investigations 
of semantic structure. For ^stance, memory span times, processing rates, 
and age of development are all quantitative measurements, and all run In , 
the sequence: Index, Icon, and symbol. ^ 

3. Semantic Linkage Strength 

The memory coding experiments diescrlbed above lead In a natural way 
to the development of measures for semantic linkage strength* * , 




Fig. 18. Semantic Field Structure 



f 



According to the Universal Sign Structure Model some signs have the ' 
semantic field structure shown in Figure 18. One hypothesis that is being 
investigated (semantic field structure hypothesis) requires all signs to 
have all six semantic components and all three linkages: the indexical 
link a ; the iconic link 0; ^nd the symbolic link Y* ' 

The new concept of or, 0, and y 'linkages' requires empirical establish- 
ment. In our thinking, ot, 0, and y become empirical measures of semantic 
linkage strength. They are inf ormatioflJ measures in the"^sense of Zunde and 
Pearson [55] and their practicality must be established by semiotic ^ 
reinterpretation. ' - ^ < 

As an Example of how one might go about developing measures of linkage 
strength, consider the iconic linkage strength 0. From the paradigm of 
the Pearson-Siegmann experiment described above we have measures of what 
may be called iconic interference. From the Bernbach experiment we have 
motivation for interpreting this as a measure of iconic linkage strength. 



; 
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By generalizing both experlmetnts we may hope^to find that the ratio of the 
siiort-term memory component to th^ long-term 'associative effect varies ylth 
the ratio of the Iconic Interference effect to what may be called 'non- 
Interference'. This may be used both to develop an interval scale for 
measuring B and for establishing a seraiotic reinterpretation for 6 as an. 
information roeasur^^. 



F. ' Applied Research Potential 

' ^ \ ■ . ^ 

We have shown initial evidence of the power of the proposed theory of 

■ . ; 

sign structure to explicate sign phenomena, the utility of Which m\ist be 
further demonstrated. In addressing the question of the utility of this 
research to practical issues in information processing we may 4.fford to 
be mildly speculative. In the body of this report we have alluded to our 
current and planned efforts at the applied plane (e.g. , research into aphasia 
and related brain disorders) ; we also see our work relevant to a number of 
applied problems in information technology. The following Illustrations 
may be given: 

o Now that programming syntactics has reached an initial maturity of 
development. Interest in programming • theory has begun to turn to 
programming semantics. Early studies into programming semantics 
have concentrated on a single-level semantics. Our investigations 
into the structure of signs would 'suggest , however, that in order to 
achieve the full power o\ symbolic communication of which digital 
computers and their ''con5)llWrs are capable, a three-level semantics 
is required. A full uijjierstanding of symbol structure ^111 be 
required to develop isuch theories. 

p There exist almost no theories of ' programming pragmatics, and few 
studies of the subject have ever been macfe. Our studies of sign 
structure suggest that the pragmatic dimension is Independent of the 
semantic dimension (a major departure from the Pelrce-Morrls theories) , 
and that it may be at least as important to programming theory ^as the 
semj^tic dlmensl.on. In order to study prc^grammlng pragmatics and 
develop appropriate theories, an understanding of the pragmatic 
structure of signs is requited. 



■ • ■ , . s . 

o Even a cursory ldok> at the notations of control function"^ in program- 

ming systems shows beyond doubt the confusion facing computer programmers 

and computer users. The choice of control functions and their notations 

in individual programming systems has had no basis in theoretical ^ 

principles. or in the empiricism of human engineering. Our theory of ^ 

sign structure appears to provide a useful framework and a tool for 

the- empirical, science-abased development of program control functions 

and their notations. 

o Many issues in the vast problem area of human interaction with 

computer-based information systems concern the, coding of symbols, 
indebces and icons. Most coding studies to-date have dealt with the 
coding of symbols only. Furthermore, there are two types of coding 
involved: 1) the creation, change, and interpretation of the shape of 
signs; and 2) the storage, linkage, and retrieval of signs into-, in, 
and from memory. The coding theories of Shannon §nd Wiener address 
the former, while studies by Bruner, Broadbent / Kititch and. others 
address only the latter. So far, there has Tjem little reference to 
'the common relationships involved between these two types of coding 
and studies have made either little or naive use of understanding of 
sign structure. Since it is plausible to argue that ,the man/machine 
interface problem concerns in part th^relationship of the two types 
of coding, it would appear that our theory is ^^potetitial tool for 
this virgin area of applied research. This is so because this theory' 
encompasses a language and a power to interrelate the semantic and 
syntactic structure of indexes, icons and symbols » 

It is easy to expand on this list of applied problemffi^hich appear relevant 
to our theoretical work. There is no question in our minds that the practical, 
the applied and technological results will be forthcoming at the appropriate 
'time when the understanding of the nat^iral semiotic phenomena has been achieved. 
The search for such understanding is the realm of a basic science of 
information. * 

4(j , . '1 
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■ IV. THE SEMIOTICS LAB 

Early in the project the Schoo^l of Information and Computer Science 
moved to establish a Semiotics Lab, In support of both research and 
Instruction In several related courses. The Initial development vas 
reported In [37]. A lab manual has been ptibllshed by the School and 
Is available tlirough the Georgia Tech Bookstore [23]. The Instrumentation 
recently added to the SemLab Includes sever jal eidontlc devlometers, a 
teescope, kna^wtlmer for memory coding experiments. 




A. Computer "Software 

A majorjvr0«9urce of the SemLab Is Its bank of computer software 
for semlotlc reserarch. Documented programs developed by the SemLab are 
^nounced In Semlotlc Scene , a publication of the Semlotlc Society of 
America, and in Foundations , a newsletter of the ASIS Special Interest Group 
in Foundations b^Iriformatlon Science. Among the progrigns ^avallable^at cost 



upon request are: ^ 

WORDGEN, A Markov atrtlflclal word generator, generates words ^of 

Markov order 0, 1, 2, and 3, using tables of relative polygram 
frequencies for monograms, diagrams, and trigrams. 

W0RI)GN3, anothett.Hprkov artificial word generator, generates artificial 
words of (iZi finite Markov orders using machine re&dable natural 
language text: . ^ 

TTKANAL, an instrument for measuring types and tokens in a sampl^ of 
running text^. As an additional feature, it also performs a ^ 
rank-frequency analysis, a type-token ajialysis, and computes 
Yule's K coefficient for the sample. 




SIMIMAB, uses data collected from word sorting experiments to build a 
similar l^^^*«l^trlx and generates linkages to word clustering routines which' 
use the similarity matrix to compile word lists. The latter are used in 
list sorting experiments and In building eidoitfeters. 
» * " • • ' *■ 

B. Machine Readable Data Bases^ : ... 

Another substantial resource of the SemLab, developed over the period- 
of this ?ISF grant, is its collection of machine readable texts for purposes 



of semlotlc research. During the last year, this data base has been < 

Increased by a corpus of technical wifltlng In pharmacology; three German 

* ■ • ■ ■ ■ • ^ ' '/ 

corpuses (Including one complete novel); a corpus ^of aphaslc text? a copy 

of chimpanzee generated language text; and other materials • A typescript 

corpus of .i^atUral language text, generated while Its/authors were under 

controlled dosage rates of various drugs, has been obtained, and* plans^ are 

underway to convert It Into machine readable form, 

C. Collaborative Projects ' " • 

Because of the unique facilities and activities of the SemLab, a 
number of collaborative activities with other InstTtutions have developed 
during the program period. Illustrative of tjiese are the' following: 

1) » We assisted the University of South Floridii to design and conduct 
an experiment to collect samples of aphaslc text under controlled conditions 
along with control samples of normal text under the same c;ondltfons, to 
allow a comparative analysis of rank-frequency and' type-tpken relationships . 
The experiments are carried out at the Camp Challengi^ facility in Florida; 
the results are analyzed in the SeraLab. ^Preliminary results show no 
differences in the Yank- frequency and type-token results between aphaslcs 
and- normals [35]. Negotiations are underway with the Florida Easter 

Seal Society (which operates the Camp Challenge facility)^ and the Speech 
department of the University ^f Florida (which coordinates research at 
Camp Challenge) to conduct a^new set of experiments designed to capture 
a larger sample of text from the aphaslcs and to obtain a more precise 
classlf lcat^Di>/of aphaslc disability. ' 

2) Negotiations have been, opened with the Georgia Institute of 
Mental Health and, Independently, the Virginia Institute for the Living 
to. conduct similar experiments on schizophrenics and manic-depressives. 

3) Lists of 4, 5, 6, and 7-letter words of high frequency appearing 
in the Brown corpus were made available, along with the polygram frequency 
lists compiled for these words, for exjp^eriments in Information proce^i^ing 
conducted at Georgia State University. 

4) The SemLab conducted a rank-frequency and a type-token analysis 

on a running sample of chimpanzee-generated language text for Project "LANA" 
at Yerkes Pri^iate Observatory. 
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" . . ^ IT; — ^Semiotics Bibliographies 

Several bibliographies on different topics relating semiotics, and 
information science haye been prepared. The different bibliographies are' 
relat:ed as shown In Figure 19. 

Although prepared primarily for use by project personnel,, the ^ 
bibliographies are of general Interest, and were made avaiable to 
Profes^ot- Umberto Eco, executive director of the International Association 
for Semiotic Studies'. They will appear in a future issue of VS, the 
Italic journal of semiotics. Individual bibliographies have been made 
available, upon request, to scholar^ throughout the world* 

f • • • ■ 

Fig. 19 Bibliographic Subset Lattice for Semiotics 




J ) E, Organizational Activities , . ■ ^ 

The principal investigators have been very active in the formation ' 
of the Semiotic Society of America in 1975/6, Partially in recognition 
of the 'Semiotic research srt: Georgia Tech, the SSA chose Atlanta as the 
site of its'firdt national dpnferenc,e, hosted by the School of Information 
and Computer Science. Conf/rence proceedings,' edited by one of the 
p^roject directors, are schedule to appear [33J^ Also^as a result of Our 
efforts the SSA developed a special interest* group structure emphasizing 
experiment^^athematical, and theoretical semiotics, 

\ In conjunction with this cohference the School of Information and 

Computer Science conducted a one-day Workshop in Experimental Semiotics on 
September 23, 1976. The Workship was attended , by _ 40 scholars .from the U.S. 

' and abroad, and was enthusiastically received [34]. We pl^n to conduct 
second workship in experimental semiotics in early 1978. V 
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